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(57)Abstract: 

PURPOSE; To prevent the diffusion of lead even when 
annealing is performed at high temp, by applying a sol 
obtained by hydrolyzing an organozirconium compd. to 
the surface of a vibration plate and baking the formed 
sol layer to form a zirconia membrane and laminating a 
piezoelectric membrane to the membrane to anneal the 
same at high temp. 

CONSTITUTION: A plurality of substrates 2.3 are 
arranged around a pressure chamber 1 to form an ink 
passage. A vibration plate 4, a lead diffusion preventing 
film 5, a lower electrode 6, a piezoelectric membrane 7 
and an upper electrode 8 are successively arranged on 

the pressure chamber 1 and a dense zirconia membrane 

is formed to the substrate of the piezoelectric element 

in the pressure chamber 1. In this case, a sol obtained 

by hydrolyzing an organozirconium compd. is applied to 

the surface of a vibration plate 4 and baked to form a 

zircona membrane and the piezoelectric membrane is 

laminated to the membrane to be annealed at 700° C or 

high temp, to form a high dielectric membrane. By this method, the diffusion 

even when annealing is performed at high temp, and high Young's modulus is 




of lead is prevented 
ensured. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

. 1 This docunnent has been translated by computer. So the translation may not reflect the original 
precisely, 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the ink jet recording head characterized by carrying out 
the laminating of the piezo electric crystal thin film, and annealing at an elevated temperature 
after applying and calcinating the sol which hydrolyzed the organic zirconium compound on the 
diaphragm front face in the manufacture approach of an ink jet recording head that the precise 
zirconia thin film is formed in the substrate of the piezo electric crystal component formed on a 
diaphragm and considering as a zirconia thin film. 

[Claim 2] The manufacture approach of the Inkjet recording head according to claim 1 
characterized by a certain thing which an organic zirconium compound is the alkoxide of a 
zirconium, aryl oxide, or a carboxylic-acid derivative. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is concerned with the ink jet recording head used for an 
Inkjet recording apparatus. 

[0002] - 

[Description of the Prior Art] The piezo electric crystal thin film represented by titanic-acid lead 
zirconate (it is described as Following PZT) can be formed by the spatter, the sol gel process, 
the CVD method, a hydrothermal method, etc. In order to thicken thickness, it corresponds by 
making the assembly time which forms membranes increase, or repeating membrane formation 
two or more times. In order to obtain a perovskite structure, annealing is usually performed in 
the 500-700-degree 0 oxygen ambient atmosphere. Patterning which used the photo etching 
process does not have to be possible for a piezo electric crystal thin film, and it is not necessary 
to cut it down like bulk, and it does not have to carry out alignment, attachment, etc. 
[0003] 

[Problem(s) to be Solved by the Invention] However, when annealing was performed at the 
temperature of 700 degrees 0 or more in order to secure the discharging performance of ink, 
and to raise the piezoelectric strain constant of a piezo electric crystal thin film, leaden diffusion 
occurred to the diaphragm or the ink passage septum, and exfoliation of a thin film etc. occurred. 
As leaden diffusion prevention film, what formed the zirconia thin film by gaseous-phase 
methods, such as vacuum deposition, a spatter, and a plasma-CVD method, had inadequate, 
precision, and did not bear process dependability. Moreover, in the sol gel process to which the 
sol which distributed the zirconia particle is applied and heated and is fixed, membraneous quality 
was not able to prevent leaden diffusion by porosity. 

[0004] Then, this invention solves such a trouble, and even if it performs annealing at an 
elevated temperature 700 degrees C or more, the place made into the object can prevent leaden 
diffusion, and is located in the place which offers the manufacture approach of the Inkjet 
recording head equipped with the piezo electric crystal thin film with a high piezoelectric strain 
constant and high Young s modulus. 
[0005] 

[Means for Solving the Problem] In manufacture of the Inkjet recording head by which the 
precise zirconia thin film is formed in the substrate of the piezo electric crystal component 
formed on a diaphragm, the above-mentioned object is attained by carrying out the laminating of 
the piezo electric crystal thin film, and annealing at an elevated temperature, after applying and 
calcinating the sol which hydrolyzed the organic zirconium compound on the diaphragm front 
face and considering as a zirconia thin film. 
[0006] 

[Function] It is necessary to form precisely the zirconia thin film as leaden diffusion prevention 
film. Since the sol gel process which can form membranes by the liquid phase can prepare a sol 
so that a polymerization may progress in the shape of a mesh, it is possible. As an organic 
zirconium compound, the alkoxide of a zirconium, aryl oxide, or a carboxylic-acid derivative is 
excellent in hydrolytic stability, and it is suitable for precise zirconia thin film formation. Before 
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carrying, out the laminating of the piezo electric crystal thin film, it is necessary to calcinate and 

to make it a stable zirconia thin film chemically. 

[0007] 

[Exanrtple] 

(Example 1) Drawing 1 is the sectional view having shown an example of an ink jet recording 
head typically. 1 is a pressure room and is a part which obtains the pressure for the ink 
regurgitation by the piezo electric crystal component The pattern slot for ink passage is formed 
with the first substrate of the product [ 2 ] made from single crystal silicon. 3 is the second 
glass substrate and ink passage is formed of both lamination. 4 is a diaphragm made from silicon 
nitride, and 5 is the lead diffusion prevention film made from a zirconia. 6 is a bottom electrode 
made from platinum, and the piezo electric crystal thin film of the product [ 7 ] made from PZT 
and 8 are gold top electrodes. 

[0008] By the spatter, the silicon nitride thin film was formed by 1 -micrometer thickness on the 
single crystal silicon substrate. The sol which hydrolyzed the alkoxide of a zirconium on it was 
applied on the spin coat. It is 2% of the weight of coating liquid in zirconia conversion, and the sol 
made ethyl alcohol distribute a tetra-ethoxy zirconium, added the water and the acetic acid of 
molar quantity 5 times, hydrolyzed. it diluted the hydrolysis solution used as homogeneity with 2- 
ethoxyethanol, and adjusted it. It considered as the transparent coating liquid with which through 
and the yellow taste cut the 0.5 more-micrometer filter. When saved in the cool place, one 
weeks or more were a transparent and uniform solution. After applying and putting a substrate at 
a room temperature for about 1 hour, it heat-treated at 800 degrees C of maximum 
temperatures for 1 hour, and the precise zirconia thin film has been formed by the thickness of 
about 0.2 micrometers. It was stable also to the heated strong acid and a strong base. Moreover, 
when the fracture surface was observed with the scanning electron microscope, the grain 
boundary was not accepted by the homogeneous film of glassiness. 

[0009] Platinum was formed by the thickness of about 0.2 micrometers through titanium by the 
spatter on it. and it considered as the bottom electrode by the photo etching by the aqua regia. 
Furthermore, PZT was formed by the thickness of about 3 micrometers by the spatter, and 
pattern NINGU was carried out by the photo etching by the heat hydrochloric acid. By annealing 
at 800 degrees C for 1 hour, it considered as the ferroelectric. Gold was formed by the thickness 
of about 0.1 micrometers through titanium by the spatter on it. and it considered as the top 
electrode by the photo etching by iodine and potassium iodide. In 800-degree C annealing, leaden 
diffusion was not accepted and did not generate exfoliation of a cascade screen, either. 
Moreover, a zirconia thin film deteriorated neither at the photoresist exfoliation process by alkali, 
nor an etching process. Pressure-proofing was excellent with those with 30 volts or more, and 
the property as a piezo electric crystal component was very excellent in the piezoelectric strain 
constant with 1 50 pC/N. 

[0010] Thus, when the recording device was equipped with the manufactured ink jet recording 
head which carried out passage formation by anisotropic etching using the produced silicon 
substrate and the printing trial was performed, the regurgitation of sufficient quantity of ink was 
obtained and troubles, such as a cross talk, were not generated. It was small and the ink jet 
recording head whose high definition printing is attained with high mass production nature has 
been attained. 

•[0011] (Example 2) After forming a silicon oxide layer on a single crystal silicon substrate, the 
silicon nitride thin film was formed by 1 -micrometer thickness by the spatter. The sol which 
hydrolyzed the carboxylic-acid derivative of a zirconium on it was applied on the spin coat. The 
sol was 0.5% of the weight of coating liquid in zirconia conversion, it made isopropyl alcohol 
distribute a tetra-octylic acid zirconium, added the hydrochloric-acid water solution of a minute 
amount, hydrolyzed, and was used as coating liquid through the 0,5-micrometer filter Coating 
liquid was a uniform and transparent liquid. After applying and putting a substrate at a room 
temperature for about 1 hour, it heat-treated at 900 degrees C of maximum temperatures for 1 
hour, and the zirconia thin film with the precise thickness of about 0.05 micrometers has been 
formed. It was stable also to the heated strong acid and a strong base. Moreover, when the 
fracture surface was observed with the scanning electron microscope, the grain boundary was 
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not accepted by the homogeneous film of glassiness. 

[001 2] Platinum was formed by the thickness of about 0.2 micrometers through titanium by the 
spatter on it, and it considered as the bottom electrode by photo etching. Furthermore, PZT was 
formed by the thickness of about 2 micrometers by the spatter, and pattern NINGU was carried 
out by photo etching. By annealing at 900 degrees C for 1 hour, it considered as the 
ferroelectric. Gold was formed by the thickness of about 0.1 micrometers through titanium by 
the spatter on it, and it considered as the top electrode by photo etching. In 800-degree C 
annealing, leaden diffusion was not accepted and did not generate exfoliation of a cascade 
screen, either. Pressure-proofing was excellent with those with 30 volts or more, and the 
property as a piezo electric crystal component was very excellent in the piezoelectric strain 
constant with 200 pC/N. 

[0013] Thus, when the recording device was equipped with the manufactured Inkjet recording 
head which carried out passage formation by anisotropic etching using the produced silicon 
substrate and the printing trial was performed, the regurgitation of sufficient quantity of ink was 
obtained and troubles, such as a cross talk, were not generated. It was small and the Inkjet 
recording head whose high definition printing is attained with high mass production nature has 
been attained 

[0014] (Example 3) After forming a silicon oxide layer on a single crystal silicon substrate, the 
silicon nitride thin film was formed by 1 -micrometer thickness by the spatter. The sol which 
hydrolyzed the aryl oxide of a zirconium on it was applied on the spin coat. The sol was 1% of the 
weight of coating liquid in zirconia conversion, it made butyl alcohol distribute zirconium 
acetylacetonato, hydrolyzed the nitric acid as a catalyst, and used it as coating liquid through 
the 0.5-micrometer filter. Coating liquid was a uniform and transparent liquid After applying and 
putting a substrate at a room temperature for about 1 hour, it heat-treated at 1000 degrees C of 
maximum temperatures for 1 hour, and the zirconia thin film with the precise thickness of about 
0.1 micrometers has been formed. It was stable also to the heated strong acid and a strong base. 
Moreover, when the fracture surface was observed with the scanning electron microscope, the 
grain boundary was not accepted by the homogeneous film of glassiness. 

[001 5] Platinum was formed by the thickness of about 0.2 micrometers through titanium by the 
spatter on it, and it considered as the bottom electrode by photo etching. Furthermore. PZT was 
formed by the thickness of about 5 micrometers by the spatter, and pattern NINGU was carried 
out by photo etching. By annealing at 800 degrees C for 2 hours, it considered as the 
ferroelectric. Gold was formed by the thickness of about 0.1 micrometers through titanium by 
the spatter on it. and it considered as the top electrode by photo etching. In 800-degree 0 
annealing, leaden diffusion was not accepted and did not generate exfoliation of a cascade 
screen, either. Pressure-proofing was excellent with those with 30 volts or more, and the 
property as a piezo electric crystal component was very excellent in the piezoelectric strain 
constant with 1 50 pC/N. 

[0016] Thus, when the recording device was equipped with the manufactured Inkjet recording 
head which carried out passage formation by anisotropic etching using the produced silicon 
substrate and the printing trial was performed, the regurgitation of sufficient quantity of ink was 
obtained and troubles, such as a cross talk, were not generated. It was small and the Inkjet 
recording head whose high definition printing is attained with high mass production nature has 
been attained. 
[0017] 

[Effect of the Invention] As stated above, after according to this invention applying and 
calcinating the sol which hydrolyzed the organic zirconium compound on the diaphragm front 
face in manufacture of the Inkjet recording head by which the precise zirconia thin film is 
formed in the substrate of the piezo electric crystal component formed on a diaphragm and 
considering as a zirconia thin film, it became a ferroelectric thin film by carrying out the 
laminating of the piezo electric crystal ingredient, and annealing at an elevated temperature. 
Even if it performed annealing at the elevated temperature 700 degrees 0 or more, leaden 
diffusion could be prevented and the Inkjet recording head equipped with the piezo electric 
crystal thin film with a high piezoelectric strain constant and high Young's modulus has been 
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offered It was small and high definition printing was attained with high mass production nature. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view having shown typically the outline of the ink jet recording 
head in an example 1 . 
[Description of Notations] 

1 Pressure Room 

2 First Substrate made from Single Crystal Silicon 

3 Second Substrate 

4 Diaphragm 

5 Lead Diffusion Prevention Film made from Zirconia 

6 Bottom Electrode 

7 Piezo Electric Crystal Thin Film made from PZT 

8 Upper Electrode 
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